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NATIONAL ADVISORY C O " E Y 5 Z  FOR AERONAUTICS 

RESEARCH MEMORANDUM 

W Z C H  A WINGEDGE WING C H O R D - m S I O H  

Jack  Fischel and Cyril D. Rrunn 

Previous flight tes ta  of the Douglas D-558-11 research  airplane 
revealed a reduction i n  longitudinal stability and pitch-up which is  
characteristic of current swept-wing airplanes. V a r i o u s  wind-tunnel 
investigations,  includfng  investigations on a model of the  subject air- 
plane, indicated that w i n g  leading-edge  chord-extensions would tend t o  
alleviate the  unstable  longitudinal  characteristics of swept-wing air-  
planes;  therefore,  the  airplane was modified t o  include wing-chord exten- 
sions, and was flight tested. The chord-extensions were of constant 
chord and extended from the 68-percent semispan station to the wing t i p .  
No wing fences were installed  for these tests, which w e r e  performed i n  
the  clean  condition i n  the  altitude range from 18,800 feet  t o  34,000 feet  
and at Mach numbers from about 0.45 t o  1.0. . 

Addition of wing-chord  extensions had only a minor effect  on the - 
i n f t i a l  decay fn  stick-fixed  stability  (pitch-up) and stick-free  stabilfty 
experienced by the  airplane at moderate angles of attack. The chord- 
extensions  alleviated the pitch-up t o  a small degree, but the   pi lot  still  
considered the  airplane  unsatisfactory f o r  controlled  accelerated  flight 
i n  t h i s  region. However, a t   t he  higher  angles of attack,  the  airplane 
appemed to retrim and regain some stabi l i ty .  The normal-force coefficient 
a t  w h i c h  the decay in  st ick-fixed  stabil i ty occurred  decreased from a 
value of about 0.75 a t  a Mach  number of 0.5 t o  about 0.46 at a Mach 
number of 0.88,  and then  increased t o  about 0.55 a t  a Mach nuuiber of 0.93. 
A value of normal-force coefficient of 0.76 was attained at a Mach number 
of 0.98 with no apparent  reduction in   s tabi l i ty .  

i 
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The  buffeting of the  airplane  was of such a nature  that  the  increase t 

in  buffet  intensity  induced  by  the  chord-extensions  became a major  problem, 
in  addition  to  the  longitudinal-instability  problem. 8 

A comparison of wind-tunnel  data  with  flight data showed  good  agree- 
ment  in  the  reduction  of  stability  evident  at  moderate  angles  of  attack. 
The  results  indicated  that an abrupt  reduction of stability  to EL region 
of neutral  or  even  slight  stability  could  tend to cause  pitch-up.  Subse- 
quent  to  the  performance of the  subject  flight  investigation, an amlyt- 
ical method (RM L33102) was formulated to calculate  airplane  response to 
longitudinal  control  input,  using  wind-tunnel  data.  Comparison  of results 
obtained  by  this  method  appeared to give fairly  accurate  correlation  with 
flight  results. 

At low lift  coefficients  the  trends in the  values  of  the  slope of 
the  airplane  normal-force-coefficient  curve dmdka, the  apparent 
stability  parameter  d8e/dCNA,  and  the  elevator  control  force param- 
eter  dFe/an  were  little  affected  by  the  addition  of  wing  chord- 
extensions.  However,  addition  of  the  wing  chord-extensions  caused  the 
airplane  stick-fixed  neutral  point  to  move  forward  about 3 percent  mean 
aerodynamic  chord. 

INTRODUCTION 

Associated w i t h  the  use  of  sweptback  wings on aircraft  is  the  occur- 
rence  of a reduction of longitudinal  stability  at  moderate  lift  coeffi- 
cients  which fs attributable,  directly or  indirectly, to the  effects of 
wing-tip  separstion. This reduction of stability  results,  in  some 
instances,  in an uncontrolled  pitching of the  airplane  to  large  angles 
of attack  (refs. 1 to 5 ) .  As a result,  the  normal-force  coefficient- 
Mach*  number  range for controlled  maneuvering of the  swept-wing  airplane 
is-limited,  and  the  danger of exceeding  airplane  structural  limits  is 
grea t l y  increased. 

The  National Advisory Committee  for  Aeronautics is investigating 
in  flight  the Douglas D-558-11 swept-wing  research  airplane  with  various 
modifications  designed  to  alleviate  swept-wing  instability  and  pitch-up. 
The  effects  of  various w i n g  fence and wing slat  modifications on the 
airplane longitudinal stability  characteristics  were previously reported 
in  references 2 and 5 ,  and were  shown to have  little  effect on the  normal- 
force  coefficient-Mach  number boundary for  unsatisfactory  maneuvering 
stability.  However,  the  fully  extended w i n g  slats were  shown to provide 
somewhat  improved  stability  characteristics  at  large  angles of attack 
except in the Mach  number  region  between  about 0.80 and 0.95 (ref. 5). 
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Wind-tunnel  studies  (refs. 6, 7, and  unpublished  data)  of  the 

i 
D-558-U airplane  at low and  high  subsonic  speeds  indicated  that  the 
appreciable  =table  break in the  pitching-moment  curves  at  moderate 
angles of attack,  characteristic of the  basic  airplane  configuration, 
was generally  altered to 8 region  of  neutral or slightly  positive  sta- 
bility  with  the  addftion of wing leading-edge  chord-extensions.  However, 
these  wind-tunnel  studies showed that a decrease in static  stabilitg was 
stfll apparent  at  moderate  angles of attack  with  the  wing  chord-extensfom. 
The  evaluation of such  static  wind-tunnel  results in terms of maneuvering 
handling  qualities can be  exceedingly difficult considering  the  possible 
importance  of such aynamic effects  as  control-system  characteristics, 
piloting  technique  (including  rate of control  input),  buffeting,  and 
other  effects,  although some progress has been  made  recently  along  these 
lines.  (See  ref. 8.) It was therefore  considered  desirable to perform 
a flight  evaluation of the  effects of wing chord-extensions similar to 
those  develaped in the  aforementioned  wind-tunnel  studies  to  determine 
the  effects of the  discussed  changes in the  pitching-moment  curves. D a t a  
obtained  during  accelerated  longitudinal  maneuvers  up  to  high  values  of 
normal-force  coefficient  and  at  speeds  up  to a Mach nmiber of  approximately 
1.0 are  presented  herein. Also included 
with  wind-tunnel  data and the  effects of 
stability and control  characteristics. 

c 

SYMBOLS 
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cNA 

E 

Q 

hp 

it 

M 
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are some comparisons of flight 
the  chord-extensions on 'the 

wing span, ft 

pitching-moment  coefficient 

airplane  normal-force  coefficient 

wing mean aeroaynamic  chord (M.A.C.) , ft 
elevator  control  force, lb 

acceleration  due  to  gravity,  ft/sec2 

pressure  altitude, ft 

stabilizer  setting  with  respect  to  Fuselage  center  line, 
positive  when leading edge  of  stabilizer  is up, deg 

free-stream  Mach nuniber 

normal acceleration, g units 
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time,  sec 

angle of attack of airplane  center  line,  deg 

elevator  deflection  with  respect  to  stabilizer,  deg 

elemtor deflectioh  corrected  to  zero  pitching  acceleration, 
def3 

pitching  velocity,  radians/sec 

pitching  acceleration,  radians/sec2 

rate  of  change  of  pitching-moment  coefficient  with  elevator 
deflection  (elevator  pitching-effectiveness  parameter), 
per  deg 

rate of change  of  airplane  normal-force  coefficient  with 
angle of attack,  per  deg 

rate of change  of  elevator  deflection  with  airplane n o m L  
force  coefficient,  deg 

rate of change of elevator  control  force w i t h  normal 
acceleration,  lb/g 

The Douglas D-558-11 airplanes bve sweptback w i n g  and tail surfaces 
and  were  designed  for  combination  turbojet  and  rocket  power.  The  airplane 
used in the  present  investigation  (BuAero No. 37975 or NACA 145) is 
equipped with a Westinghouse J-34-WE-40 turbodet  engine,  which  exhausts 
out  the  bottom of the  fuselage  between  the  wing etnd the  tail, and with 
a Reaction  Motors,  Inc. W8-rn-6 rocket  engine,  which  exhausts  out  the 
rear  of  the  fuselage.  The  airplane  is  equipped  with an adjustable 
stabilizer. No aerodynamic  balance  or  control-force  booster  system is 
used  on the elevator.  IIyWaulic  dampers are installed  on a l l  the  control 
surfaces to aid in the  prevention of control-surface "buzz." The  air- 
plane is afr-launched f'rom a Boeing R-29 mother  airplane. 

in 
a6 

Photographs of the  airplane  fitted  with  chord-extensions  are shown 
figure 1, and a three-view drawing of  the  modified  aFrpLane  is shown 
figure 2. Pertinent  airplane  dimensions  and  characteristics of the 

unmodified airphne are  listed i n  table I. Addition of the  wing-chord- 
extensions  increased  the wing area  to 181.2 square  feet and the wing 
mean aerodynamic  chord  to 90.0 inches;  however,  for  convenience  in 
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comparison of the data herein w i t h  data  for  the unmodified airplane, 
all data presented  are based on the dimensions of the unmodified 
airplane. 

The constant chord 9.25-inch (0.106E) chord-extensions added t o  the 
outer 0.32 semispan of each wing panel were similar in  plan form and 
chord t o  those  tested on a model of the D-558-11 airplane and found t o '  
provide an bqrovement in   s ta t ic   longi tudinal   s tabi l i ty  at  moderate angles 
of attack (refs. 6 ,  7, and unpublished data) . The profiles of the chord- 
extensions were approximately the PICLCA 63-008 a i r fo i l   p rof i le  in the 
streamwise direction and  were faired  into the wing profile over the span 
of the chord-extensions. In addition,  the chord-extensions were faired 
into  the wing t ips,  and the inboard ends were f la t -s ided  in  the vertical 
streamwise p b e  (figs.  1 and 3). The wing  slats, w h i c h  spanned the 
unmodified w i n g  panels from 0.434b/2 t o  the wing t ips,  w e r e  cut at the 
0.6&/2 wing station and the inboaxd aection of each slat W&E firmly 
attached t o  the w i n g  in the  closed  position  to  mainbin  the  original 
wing profile and plan f o m  inboard of the 0.6&/2 station. There were 
no w i n g  fences  installed during the tes t s  of the chord-extensions. 

Among the standard NACA recording  instruments  installed  in  the 
airplane t o  obtain flight data were instruments which measured the fo l -  
lowing quantities  pertinent  to t h i s  fnvestigation: 

Airspeed 
Altitude 
Elevator wheel force 
N o m 1  acceleration 
Pitching  velocity 
Pitching  acceleration 
Angle af attack 
Stabilizer and elevator  positions 

All of the  instruments were synchronized by meam of a c m n  timer. 

The elevator  position was measured a t  the  board end  of the  control 
surface, and the  stabilizer  position was m e a s u r e d  a t  the  plane of symmetry. 
All control  positions were measured perpendicular t o  the  control hinge 
l ine.  

An NACA high-speed Pitot-static  tube  (type A-6 of ref. 9) was mounted 
5 - on a boom 42 feet  forward of the nose of the airplane. The  'vane used t o  4 

measure the  angle of attack was mounted on the same boom about 9 feet  2 
i 
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forward of the  nose of the  airplane.  The  angle-of-attack  data  have  not 
been  corrected  for  the  effects  of  upwash  ahead  of  the  nose  of  the  air- 
plane  nor for the  effects  of  airplaae  pitching  velocity.  However,  such 
corrections  are  believed  to  be small and to  have a negligible  effect on 
the  analysis  of  the  data.  The  airspeed  system was calibrated  up  to . 
M = 0.80 the  "fly-by"  method  and  at  speed6 in excess of M = 0.80 
by the WlCA radar  phototheodolite  method  (ref. 10). The  possible 
Mach  number  errors  are  about 3.01 at M < 0.8 and  about f0.02 at 
M EJ 0.95. 

TESTS, RESULTS, AND DISCUSSION 

"he longitudinal  stability  characteristics  of  the D-558-11 airplane 
equipped  with v i n g  leading-edge  chord-extensions were determined  in 
turning  flight,  with flaps and landing gear  up,  for a range of Mach 
numbers from about 0.45 to  about 1.0, Data were  obtained i n  the  altitude 
range  from 18,800 feet to 34,000 feet  and  for two conditions  of  airplane 
center-of-gravity  location, ranging from 22.6 to 24.7 and from 28.0 to 
28.2 percent of the  wing mean aerodynttmic  chord. Only E few maneuvers 
were  performed  at  the  rearward  center-of-gravity  location,  inasmuch as 
these  results (and the  wind-tunnel  results of refs. 6, 7, and unpublished 
data)  indicated  that  the  airplane had less  static  stability  for E given 
center-of-gravity  location  when  chord-extensions were installed. A l l  
remaining  maneuvers  with  the  chord-extensions  were  subsequently  performed 
at  the  forward  center-of-gravity  location,  which was selected  to  provide 
about  the same static  stability as existed  with  the  unmodified  airplane 
having  its  center  of  gravity  at  about 26 to 27 percent  mean  aerodynamic 
chord. 

n 

In general,  two  techniques  were  employed by the  pilot  to  investigate 
the  longitudinal  handling  qualities of the  airplane  through a lift range 
at  various  Mach  numbers. In wind-up turns performed  during  the  first 
flight  with  the  chord-extension  configuration,  the  pilot usually applied 
increasing  up-elevator  deflection  until a decay in stick-fixed  stability 
or a pitch-up was detected  at  which  point  the  controls  were  reversed  to 
effect a recovery  from  the  maneuver. In this  type  maneuver  neither  the 
pitching  velocity  nor  pitching  acceleration was permftted  to  build  up 
to appreciable values. In maneuvers  performed during subsequent  flights, 
the  pilot  applied  increasing  up-elevator  deflection  after  detecting  the 
region of unsatisfactory  stability,  in  order  to  determine  the  character- 
istics of the  airplane in this region  and  at  the  higher  regions of lift 
and angle of attack,  and  then  effected a recovery flrom the  maneuver. In 
maneuvers  of  this  ty-pe  large  values  of  pitching  velocity  and  pitching 
acceleration  were  sometimes  encountered,  especially  at  the  higher  speeds, 
as  is shown in  the data plots. A t  M >O.g, the  aforementioned  technique )r 
vas modified  because  both  elevator and stabilizer  were  required  to  perform 
the turns. - rl 
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8 Data obtained in  several  of the turns me  p lo t ted   in   the  form of 
time histor ies   in  figure 4 and as functions of angle of attack, normal- 
force  coefficient, and normal acceleration  in  figure 5 .  It will be 
noted that in  several  instances, complete data are not  presented for  
each maneuver because of instrumentation  malfunctions  during flight. 
Mdi t iona l  turn data w e r e  obtained a t  Mach  numbers from about 0.45 t o  
0.8 and are not  presented  herein; however, the slope v a l u e s  obtained 
from these data w e r e  used t o  show the variation of the various  parameters 
over the Mach n&er range. 

In figure 5 two sets  of elevator-deflection data are presented as 
functions of angle of attack:  the measured values shown in   f igure  4, 
and values of 6e  corrected t o  zero pitching  acceleration t o  represent 
s t a t i c  trimned-flight  conditions. ThLs correction as explained in   de t a i l  
in  reference 5 ,  was applied t o  the measured values of 6e because the 
slope dS& does not indicate the true  airplane  static  stabil i ty when 
relatively high pitching  accelerations are obtained. Although the method 
used t o  correct the elevator-deflection data t o  s t a t i c  conditions is  
believed valid for low values of angle of attack, the d u e s  of the 
elevator  pitching-effectiveness parameter dC&/dEe used f o r  this 
correction a t  high  angles of attack  are  questionable. Therefore, the 
values of 6e 

of angle of attack t o  show any adverse  stick-fixed  stability  effects for 
the  static  condition. 

(e  = 0) were  plotted only over a sufficiently  laxge  range 

I 

Basic Longitudinal  Stabiliky  Characteristics 

Inspection of the  time-history  data of figure 4 shows that the  rate 
of increase of a and C N ~  appears  generally linear and almost propor- 
t i o n a l t o  the rate of  increase of 6e a t  the lower values of a. A t  
moderate value6 of a and @A, the r a t e  of increase a and mA 
tended t o  increase as the  turn was further penetrated, and i n  most of the 
turns the ra te  of increase of 6e a l s o  increased as the  stick-force 
gradient and the stick  force  lightened. However, the  relative  increase 
i n  a and appews greater than the  increase iQ 8e, thus indicating 
a decrease in  the  st ick-fixed  stabil i ty of the airplane, and in some 
instances, a pitch-up is apparent. In almost all the maneuvers, a large 
hinge-moment  change occurred F r io r  t o  attainment of the peak values of 
a or CHA f o r  the maneuver (i.e.,   stick-free  instability), w h i c h  would 
accentuate the decrease in   s t ick-f ixed  s tabi l i ty   to  the pi lot .  A t  the 
lower speeds, the  rate change of the  stick  force was quite small generally 
and appeared slightly erratic.  

.." 
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These  effects  and  others can be  obeerved,  perhaps  more  clearly,  in 
figure 5 where  an  almost  linear  variation of 8e(e = o) with a (con- 
stant  apparent  stick-fixed  static  stability)  is  observed  for  the low 
values  of a, up  to 8’ or go for  Mach  numbers  below  about 0.7, but only 
up  to 30 or 40 for  higher  Mach  numbers.  At  angles  of  attack  above  this 
region  of  constant  stability,  the  slope of “(6 = o) with a is 
reduced,  indicating a reduction  in  stability  which  appeared  as a pitch-up 
to  the  pilot.  For  convenience i n  identification,  the  angle of attack 
at  which  the  reduction in stability  occurred  is  indicated OR figure 5 
by  the  tick  adjacent  to  the  curve  of “(g - o). In general,  the  reduc- 
tion  of  stability  appeared only moderatly  severe at the  lower  speeds; 
about a 0.5g overshoot was reported  by  the  pilot  for  maneuvers  during 
which  the  contrcl  input was stopped (and subsequently  reversed)  when 
the  reduction of stability wss detected. At the hlgher speeds,  however, 
the  reduction  in  stability ms quite  severe, as shown in  figures 5(i) 
and 5(J) ,  and was sometimes  accompanied by large  pitching  velocities 
and  accelerations  (for  example,  see  fig. 5 ( j ) ) .  The  reduction  of  stabil- 
ity  appeared to exist  over a limited  region of a o r  CrrA, as shown by 
the  increase in slope of the  curves of 6e($ = o) plotted  against a 
st  the  higher  values  of CI, (fig. 5), indicating an increase in stick- 
fixed  stability.  Although  the  airplane  appeared  to  regain  stability 
subsequent to the  pitch-up and near  the  peak  values  of CNA attained, .. 
at  Mach  numbers  below  about 0.8, the  severe  buffeting  obviated  flight 
in this  region, so the  controllability was not  thoroughly  investigated. 
In the  highest Mach number  maneuver  performed (M = 1.01, the  airplane 
appeared fu l ly  controllable  and  exhibited  no  spparent  reduction in statFc 
stability  up  to  the  highest  value of CnA (0.76) attained  (fig. 5 ( k ) ) .  
However,  this  effect has also been  realized  for other configurations of 
the  airplane  and  is  not  attributable  to  the  installation  of wing chord- 
extensions  on  the  airplane  (ref. 5 and unpublished  data). 

- 

U 

At  Mack  numbers  less  than  about 0.7, the  stick  forces  exhibited a 
positive  gradient  over  the low range of OL and normal acceleration and 
almost  no  gradient at moderate  values of a prior  to a reversal of the 
forces  at  Large  values of a,. Ln general,  the  lightening of the  stick 
forces  at  moderate  angles of attack  tended to increase  the  control  rate, 
which in turn would aggravate any pitching. At M > 0.7, the  reversal 
of stick  forces was rather  abrupt  and  tended to exaggerate  the  severity 
of  the  pitch-up in  the  pilot’s  opinion.  These  results  ehowed  general 
agreement with those  obtained on the  unmodified  airplane  (ref. 2). 

P 

In summary, the  airplane was found  to  be  unsatisfactory  for  controlled 
accelerated  flight  in  the  region of reduced  stability  with  chord-extensions, 
but  appeared to retrim and regain some stability  and  controllability  at 
the  higher  angles of attack.  This  latter  effect,  as  well  as  the  generally J 
less  abrupt  changes  in  stick-fixed  stability for the  chord-extension 

5 
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configuration,  tended t o  make the  airplane appear somewhat bet ter   to  the 
pilot  (but s t i l l  intolerable)  than  the unmodified akplane. A comparison 
of some typical s t a t i c   s t ab i l i t y  data obtained wtth the chord-extension 
configuration and the unmodified airplane i s  shown in   f igure 6 t o  illus- 
t ra te   the  s tabi l i ty  changes noted by the  pilot  w i t h  these two configu- 
rations and the degree of Improvement obtained with the chord-extensions. 
The pi lot  also thought that the airplane tended t o  diverge t o  a somewhat 
greater  extent  during  the  pitch-up  with  chord-extensions than with wing  
s l a t s  fully extended; however, the data shown on figure 6 do not  support 
this opinion. I n  addition, the level of  l i f t  coefficients f o r  the start 
of buffeting ulth wing chord-extensions was lowered somewhat below 
M = 0.8 (fig.  7) , compared with the unmodified D-558-11 airplane (ref. 11) , 
and the p i lo t  obJected t o  the increase in buffeting  intensity. 

Boundary for the D e c a y  i n  Airplane Stabili ty 

From the data shown in  f igures 4 and 5 (as well as from similar 
data w h i c h  are not presented  herein),  the normal-force coefficient  corre- 
sponding t o  the value of a at which the reduction i n  st ick-fixed  static 
s tab i l i ty   occu~s  was determined for each maneuver and is presented  as a 
function of Mach nunher in figure 8. It will be noted that the  region 

* between M = 0.72 and 0.88 is not well-defined by data  points because 
of  an elevator position transmitter  malfunction  during  manavers performed 
a t  these speeds ( f igs .  4 and 5 ) ;  nevertheless,  the  trend of the s tabi l i ty  

of CN, f o r  the decay in   s t ab i l i t y  decreases from about 0.75 at  M = 0.5 
t o  about 0.46 a t  M = 0.88, and increases t o  0.55 at M = 0.93. 

s boundary is  believed shown by the  data  points on figure 8. The value 

For comparative  purposes, the C~*-Mach  number boundary for the 
decay i n  stick-fixed  stability of the unmodified atrplane configuration 
(slats  retracted and fncluding  inboard w i n g  fences) of reference 2, cor- I 

rected t o  = 0, has been included in figure 8. As can be seen, the 
stabi l i ty  boundary for the airplane with chord-extensions i s  at  about 
the same o r  sl ightly lower levels of %A as for  the unmodified airplane 
configuration,  except a t  M >O.g, where the boundary for  the chord- 
extension  configuration exhibits a rapid  r ise with increase in Mach number. 
This trend a t  M > 0.9 has since been exhibited with the  basic clean-wing 
configuration, which indicated a rap id   r i se   in  the value of C N ~  for  the 
s tab i l i ty  boundary as M increased through 1.0. 

Comparison  of the data points f o r  the decay in  st ick-fixed  stabil i ty 
for the chord-extension  configuration with the  s tabi l i ty  boundmy for the 
slats-extended  configuration  (ref. 5 )  shows a general  similarity  in  the 
trends and levels of CwA f o r  the boundaries over the Mach  number range. I 
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Peak  values  of C N ~  obtained  during  the  reported  maneuvers  are 
also  shown  in  figure 8. It is  felt  that in some instances  these peak 
values of C~JA may correspond  to  maximum values of C N ~  attainable  at 
the  given  Mach  number.  The data of figure 8 show  that  the  difference 
between  peak C N ~  and  the  stability  boundary  increases  as M increases 
beyond 0.7. This  would  tend  to  increase  the  magnitude and potential 
danger  of  the  stability  problem as M increases,  particularly  since  the 
decay in stability  occurring  at W c h  numbers  between  about 0.8 and 0.95 
is quite  severe. 

Comparison of Flight and Wind-Tunnel  Data 

In order  to  determine  to  what  extent  the  flight data agree  with  the 
wind-tunnel  data  for  the  chord-extension  configuration on the D-558-II air- 
plane, compmisons of  flight and tunnel  data in terms of the airplane 
pitching-moment  coefficient Cm, are presented  in  figure 9. These  data 
also &e feasible an evaluation  of  the  wind-tunnel k t 8  end  the  imgrov- 
ement  in  stability  exhibited  in  tunnel  studies for wing  chord-extensions 
compred with  the  unmodified  airplane.  (See  fig. 10. ) The  wind-tunnel 
data of figure 9 were  obtained  during  tests i n  the  Langley  high-speed 
7- by  10-foot  tunnel of a model of the D-558-11 airplane  equipped  with 
wing chord’-extensions  similar to those tested  on  the  airplane  (unpubliehed . 
data) . The flight data  were  calculated using the  data of figures 4( c) 
and  5(c)  (for  the  comparison  at M = 0.6) and  the  data  of  figures 4 ( i )  
and S ( i )  (for  the  comparison  at M = O.@), as well as  unpublished  flight 
data, by an analysis similar to that  employed in reference 12. Fairly 
good  agreement  is  shown in figure 9 f o r  the  flight  and  wind-tunnel  data, 
except at the  higher  angles of attack  at M = 0.89, in  which  region  the 
values of some of the  parameters employed in the  flfght  calculations msy 
be questionable. Of particular  significance  is  the  agreement shown in 
the  trends of the  curves  over the  angle-of-attack  range,  particularly 
the  decreases in stability  evident a t  moderate  angles  of  attack.  Wind- 
tunnel  studies  (refs. 6, 7, and  unpublished  data)  shown  in  figure8 9 and 10, 
indicated  the  appreciable  unstable  characteristics of the  unmodified air- 
plane  occurring  at  moderate  values  of a were  generally  altered to regions 
of neutral or slightly  positive  stability  with  the  addition  of  the  subject 
chord-extensions.  However,  pitch-ups  were  encountered  with  both  configu- 
rations in flight  tests.  This  fact,  coupled  with  the  aynamic  character 
of an accelerated  longitudinal  maneuver,  including  inertia  effects, would 
indicate  that  abrupt  reductions  in  stability  could  tend to cause  pitch-up 
and are  not  tolerable  for  controlled  flight. Of course, as discussed in 
the DITRODUCTION, dynamic  effects  and  other  phenomena  must  be  considered 
in analyzing wind-tunnel data in tern of airplane  handling  qualitles, as 
outlined in reference 8. 

L 
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Subsequent t o  the performance of the subject flight investigation, 
methods of analysis were formulated t o  calculate the response of an air- 
plane t o  longitudinal  control  input,  using wind-tunnel pitching-moment 
data  (ref. 8). In order t o  determine t o  w h a t  extent the decrease in 
s tab i l i ty  and the  pitch-up could be predicted. from wind-twel data, 
calculations w e r e  made of  the  airplane response and are compared in   f i g -  
ure 11 with the measured airplane  response f o r  8 Mach nunber of about 0.6. 
The f l igh t  data are  the same as  presented i n  figure 4(c). The calculated 
time history was computed  by the method of reference 8, s ta r t ing   a t  
9.0 seconds, by using  the C, data of figure 10 (for the chord-extension 
configuration) and other uIlpublished data. For case A, i n  w h i c h  the 
actual  elevator  input was used, the  calculated  airplane  response  indi- 
cated an earlier  increase  in the ra te  of airplane  response  (decrease 
in stability and subsequent pitch-up)  than w a s  obtained in   f l i gh t .  Fig- 
ure 9 shows that th is  results from the slightly lower value of a for 
the  decrease in   s t ab i l i t y  that was exhibited i n  the wind-tunnel data than 
for f l igh t  h ta .  The calculated data f o r  ca6e A (fig.  ll) show that the 
pitch-up w a s  followed by a tendency t o  recover, starting at  about time 
14.5 seconds , as the  airplane  regains some stabil i ty  (see  f ig.  10) . 
Subsequently, the  increased  rate of elevator input af te r  time 16 seconds 
pitches the airplane  to higher values of a, and it appears that the  cal- 
culated maximum a would approach the actual  value  attained. basmuch 

occurred st a slightly lower value of a than i n  flight, it was thought 
resonable t o  assume f o r  some calculations an increased r a t e  of control 

decay in   s tab i l i ty ,  similar t o  the increased  control  rate used i n  flight 
a f te r  the actual decay in   s tab i l i ty .  This control  input i s  shown as 
case E, f o r  w h i c h  an increase i n  the rate of airplane response over that 
provided i n  case A was obtained; and the  calculated  rate of response i s  
similar t o  that measured i n  flight, but the peak value of a i s  less.  
By increasing  the mxlmm assumed control Lnput i n  caee B to that used 
i n  flight (giving  case C ) ,  the  calculated peak value of a as w e l l  as 
the response ra te  is similar t o  that measured i n  flight. It therefore 
appears that fairly  accurate  calculations of airplane response t o  longi- 
tudinal  control  input can be made from wlnd-tunnel data by means of the 
method of reference 8. 

. 

c as the wind-tunnel data of figure 9 showed that the decrease in   s t ab i l i t y  

z input, s t a r t i n g  approximately at the wind-tunnel value of a f o r  the 

Stability Parameters 

with Mach number of the apparent  airplane  stability pwameter Be/dCN' 
and the  elevator  control  force parameter d?Fe/dn, measured i n  the  stable 

the  values of d6e/dCNA and dF dn are  substantially  constant a t  about 
i region, are shown in  f igure 12. A t  the forward center-of-gravity  positions, 

e/ 
a - 
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10 and &, respectively, for Mach  numbers  up  to  about 0.65. At M 2 0.65, 
the  values  of  both  parameters  increased  rapidly  with  increase in Mach 
number,  and  at M = 1.005, aSe/dCNA * 43 and dFe/b f~ 115. AS X ~ S  

discussed in reference 1 for  the  airplane  configuration  incorporating 
inboard  fences on the modified wing, most of the  increase  in  &e/dCN* 
and  dFe/dn  at  Mach  numbers  below  about 0.85 m y  be  attributed  to an 
increase  in  the  stability of the  airplsse,  inssmuch as the  elevator 
effectiveness  does  not  change much in this  range.  At M 2 0.85, however, 
unpublished data indicate a large  decrease in elevator  effectiveness as 
M increases;  therefore,  the  increases  noted  at M 5 0.85 in the  values 
of the  parameters on figure 12 probably  result fYom both an increase in 
airplane  stability  and 8 decrease in elevator  effectiveness. 

L 

2 

The  values of dS  dcNA shown on  figure l2 for  the  chord-extension ./ 
configuration  at  the  rearward  center-of-gravity  location (28.0 to 28.2 per- 
cent M.A.C.) are  for a limited Mach number  range  and  exhibit  almost a 
constant  decrement  over  this  range  compared  to  the  values  for  the forward 
center-of-gravity  Location.  Cross  plots  of  the  values  of  dse/dcNA 
against  the  actual  values of center-of-gravlty  location  for  maneuvers 
at  comparable  speeds  show  that  the  stick-fixed  maneuver  point  for  the 
airplane  with  chord-extensions is located  at  about 47 percent mean aero- 
dynamic  chord  for  Mach  numbers  between 0.5 and 0.7. 

For comparison,  the  curves of d8e/dCNA  and  dFe/d.  for the 
unmodified  airplane  (ref. 13) are also shown in  figure 12, and show 
the  same  trends  with  increase in Mach number  as  do  the  curves for the 
airplane  with  chord-extensions.  The  similarity  in  the  curves  and  values 
of dsefdw,  for  the  two  configurations, in spite  of  different  center-of- 
gravity  locations,  would  be  expected, a8 explained  previously,  because 
the  wind-tunnel  data  of  references 6 and 7 and unpublished  data show 
that  the  airplane  would  have  less  stabilfty  with  chord-extensions  than 
in the  unmodified  configuration  for simflar center-of-gravity  locations. 
Consequently,  the  forward  center-of-gravity  locations  tested  with  chord- 
extensions  were  chosen  to  provide  the 8&me stability  as  the  unmodified 
airplane  having  its  center of gravity  at  about 26 to 27 percent  mean 
aerodynamic  chord.  Therefore,  it may readily  be  seen  that  addition  of 
wing  chord-extensions  caused  the  airplane  stick-fixed  neutral  point  to 
move  forward  about 0.03E. The  almost  constant  difference  in  dFe/dn 
(about 3 lb/g)  noted at  the  lower Mach numbers for  the  two  configurations 
is somewhat  unexpected,  in  view of the  agreement  in  the  values of 
d8efiA, and is unexplainable  wlthout  further  detailed  tests. 

Variation of dC~~/da with  Mach  number.-  The  variation of the  air- 

plane  normal-force-coefficient-curve  slope  with Mach number for the 
airplane  with  chord-extensions  is  shown in figure 13. The values of 

. 

I 

. 
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dCNA/da  increase  from  about 0.066 to  about 0.093 at Mach  nuibers of 
0.43 and 0.94, respectively,  then  decrease  to  about 0.090 at a Mach 
number  of 1.005. The  comparable  curve  for  the  unmodified  airplane 
(with only inboard  fences on the wings), originally  presented in ref- 
erence 14, is  included in  figure 13.  The  two  configurations  exhibit 
the same trends over the Mach number  range,  and the values  of 
are  in  fairly good agreement.  It  might be anticipated  that  the values 
of  dCNA/da  for  the  chord-extension  configuration  would  be  slightly 
higher  than for the  unmodified  airplane,  inasmuch  as  the  chord-extensions 
increased  the wing area  about 3$ percent,  whereas  the  values of CQ 
were based on the  original w i n g  area.  However,  this  result was not 
realized  within  the  accuracy of the  data,  possibly  because  separated 
flow off  the  chord-extension may have  cancelled  the  effects  of  increased 
wing area. 

CONCUJSIONS 

Results  of a longitudfnal  stability  investigation  at  subsonic  and 
transonic  speeds of the  swept-wing Douglas D-558-11 research  airplane, 
modified  to  include 0.32-semispan King leading-edge  chord-extensions 
with  wing  fences  removed,  led  to  the  following  conclusfons: 

1. Addition  of dng chord-extensions had only a minor  effect on the 
decay in stick-fixed  stability  (pitch-up)  and  stick-free  stability  experi- 
enced  by  the  airplane at moderate  angles  of  attack.  The  chord-extensions 
alleviated  the  pitch-up  to a small degree,  but  the  pilot  still  considered 
the  airplane  unsatisfactory for controlled  accelerated flight in this 
region.  However,  at  the  higher  angles of attack,  the  airplane  appeared 
to retrim  and  regain some stability. 

2. The normal-force  coefficient  at whfch the decay in stick-fixed 
stability  occurred  decreased  from a value  of  about 0.75 at a Mach number 
of 0.5 to  about 0.46 at a Mach number of 0.88, and  then  increased  to 
about 0.55 at a Mach  nunber of 0.93. A value  of  normal-force  coefficient 
of 0.76 was attained  at a Mach  number of 0.98 d t h  no appazent  reduction 
in stability. 

3 .  The buffeting of  the airplane was of  such a nature  that  the 
increase in buffeting  intensity  induced  by  the  chord-extensions  became ' 
a major  problem, in  addition to the  longitudinal  fnstability  problem. 

4. A camparison of wind-tunnel -&th flight data  showed good agree- 
ment in the  reduction of stability  evident  at  moderate  angles  of  attack. 
The results  indicated  that an abrupt-reductLon of stability,  to a region 
of neutral  or  even  slight Btabilfe-could tend to cause  pitch-up. 
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Subsequent to the performnce of the  subject  flight  investigation,  an 
analytical  method (RM L53102) was formulated  to  calculate  airplane 
response to longitudinal  control  input, using wind-tunnel  data. Compar- 
ison of results  obtained  by  this  method  appeared  to  give  fairly  accurate 
correlation  with  flight  results. 

5 .  At low lift  coefficients,  the  trends  in  the  values of the  apparent 
stability  parameter  ae/dCNA  and  the  elevator  Control  force  param- 
eter  aFe/hn  were  little  affected  by  the  addition  of Wing chord-extensions; 
the  values  of  aSe/dCN*  increasing  approximately  fourfold as Mach number 
was increased  from  about 0.5 to 1.005, and dFe/dn  increasing  about 
ninefold  in  the same Mach  number  range.  However,  addition of the w i n g  
chord-extensions  caused  the  airplane  stick-fixed  neutral  point  to  move 
forward  about 3 percent  mean  aerodynamic  chord. 

6. The  airplane  normal-force-coefficient-curve  slope dQ@cc was 
little  affected  by  the  eddition  of  the  chord-extension.  The  values 
increased from about 0.066 to about 0.093 at Mach  numbers of 0.45 and 
0.94, respectively,  then  decreased  to  about 0.090 at a Mach  number 
of 1.003. 

High-speed  Flight  Station, 
National Advisory Committee  for Aeromutics, 

Edwards,  Calif., August 2, 19%. 
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wing: 
Root airfoil  section (normal to  0.30 chord of unevept panel) . . . . . .  HAC4 63-010 
Tip a i r f o i l  e e c t l a  (nomal  ta 0.30 chord of unsvegt penel) . . . . . .  NACA 6g1-0= 
Total are. sq ft . . . . . . . . . . . . . . . .  
Ween aeroayaamic chord. i n  
Root chord (paraUel t o  plane of -try). i n  . 
Taper ratio . . . . . . . . . . . . . . . . . . .  
Aspect ra t io  . . . . . . . . . . . . . . . . . . .  
Sweep at 0.30 chord of m e p t  panel. deg . . . .  
Sweep of leading edge. de6 . . . . . . . . . . . .  
Incfdence at fuselage  center line. deg . . . . . .  
Dihedral. de6 . . . . . . . . . . . . . . . . . .  
T o w  aileron m e a  ?re- of "e line). sq ft 
GeomeGric twiet.  de 

Aileron travel (esch). deg . . . . . . . . . . . .  
Total f l ap  area. s q  ft . . . . . . . . . . . . . .  
Elap travel. deg . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  span. ft 

Tip chord (parallel to plene o f  aynmetry). i n  . . .  
. . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  175.0 . . . . . . . . . . . . . .  25.0 . . . . . . . . . . . . . .  m.301 . . . . . . . . . . . . . . .  108.51 . . . . . . . . . . . . . .  61.18 . . . . . . . . . . . . . .  0.565 . . . . . . . . . . . . . .  3.570 . . . . . . . . . . . . . .  35.0 . . . . . . . . . . . . . .  38.8 . . . . . . . . . . . . . .  3.0 . . . . . . . . . . . . . .  -3.0 . . . . . . . . . . . . . .  0 . . . . . . . . . . . . . .  9.8 . . . . . . . . . . . . . .  ?15 . . . . . . . . . . . . . .  12.58 . . . . . . . . . . . . . .  50 

Horizontal tail: 
Root airfoil   section (normal to 0.30 chord of w e p t  panel) . . . . . .  NACA 63-010 
TLP airfoil section (n- t o  0.m chord of unswept . . . . . .  63-010 
&ea ( i n d u n g  fuselage). sq ft . . . . . . . . . . . . . . . . . . . . . . .  39.9 
-.in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  143.6 
Mean aercdymmlc chard. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  41.75 
Root chard (parellel  to  plane of synanetrg). in . . . . . . . . . . . . . . . .  53.6 
Tip chord (parallel   to pLane of symmetry). i n  . . . . . . . . . . . . . . . . .  26.8 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.50 
Aspect ra.tio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.59 

Mhedral;deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
n e w t o r  area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.4 
mevator  travel. deg 
up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Down 15 

Leadingedgeup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
Leadingedgedawn . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

dueep at 0 . 30 chord line of uneuept penel. deg . . . . . . . . . . . . . . . .  40.0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stabilizer travel. deg 

verticsl tail: 
Airfoil eection (normal t o  0.30 chord of w e p t  pesel) . . . . . . . .  HACA 63-0rO Area. sqft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36.6 

Root chord (parallel t o  fuselage center llne). i n  146.0 
Jietght f r a n  fuse- center Lfne. in 98.0 

TLP chord (parallel t o  fuse- center m e ) .  in . . . . . . . . . . . . . . .  44.0 
s e e p  m e  at 0.30 chord of unsxept panel. deg . . . . . . . . . . . . . . .  49.0 
Rudder area (rearvard of hinge line). sp ft . . . . . . . . . . . . . . . . .  6.15 
maker travel. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t25 

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  

Fuselage: 
Length. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42.0 
plaxim~m Wter .  i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60.0 
= m e s s   r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.40 
3peed-retarder area. 5q ft . . . . . . . . . . . . . . . . . . . . . . . . . .  5.25 

Englnes : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Rocket m5-6 
Turbojet J-34-WE-40 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-lane weight. lb: 
Full jet end rocket fuel . . . . . . . . . . . . . . . . . . . . . . . . . . .  15. 570 
~ u l l  Jet   fuel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .E. 382 
NO fuel . . . . . . . . . . . . . . .  .- + ........ 8 . . . . . . . . . . . . .  10.- 
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( a )  Overhead f ront  view. L-85622 
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L-8 5 623 
(b) Three-quarter front view of the  right wlng.  

Figure 1.- Concluded. 
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Figure 2.- Three-view  drawing of the Douglas D-558-11 research  airplane 
equipped  with wing leading-edge  chord-extensions.  Dimensions  given 
in inches unless otherwise  noted. 
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Wing section at station 102 

Figure 3.- Wing plan form and profile  section showing leading-edge chord- 
extensions on the Douglas D-558-11 research airplane. Dimensions 
given in inches  unless  otherwise noted. 
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(a) hp 20,100 feet;  it = 1.6'; center of gravity at 22.8 percent 
mean 8erOdpami.C chord. 

Figure 4.- Time histories of  wind-up turns performed by t h e  Douglas 
D-738-11 research  airplane equipped with wing  chord-extensions. 
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= ~ , 6 0 0  feet;  = 1.6O; center of gravity  at 22.8 percen 
aerodynamic chord. 

Figure 4. - Continued. 
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( c )  % = 22,800 feet; it = 1.6'; center of gravity at 22.7 percent mean 
aerodynamic chord. 

Figure 4.- Continued. 
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hp = 24,100 feet; it = 1.3O; center of gravity at 28.0 percent 
aerodynamic chord. 

Figure 4.- Continued. - 
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( e )  % = 21,500 feet; it = l.7O; center of  gravity at 24.1 percent mean 
aerodynamic chord. 

Figure 4.- Continued. - 
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: 23,500 feet; it = 1.7’; center of gravity at 24.1 pe 
aerodynamic chord. 

Figure 4. - Continued. - 
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300 feet;  it = 1.6O; center of gravity at 22.6 pe 
aerodynamic chord . 

Figure 4.- Continued. 
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(h) % 28,900 feet; it = 1.7'O; center of gravity a t  24.1 percent mean 
aerodynamic chord. 

Figure 4 . -  Continued. 
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(i) hp 30,800 feet; it = 1.7'; center  of gravity at 24.7 percent  mean 
aer&dynamic chord. 

Figure 4.- Continued. - 
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Figure 4.- Continued. 

mean aerodynamic 



" 0  2 4 6 8 
7me, 7; 5ec 

34,000 feet; center of gravity a t  24.3 percent mean ae 
chord. 

Figure 4.- Concluded. 

I 

. 



NACA FM =4=6 

4 8 /2 /6 20 24 28 
cr, d w  

(a) hp = 20,100 feet; it = 1.6’; center of g r a e t y  at 22.8 percent 
mean aerodynamic chord. 

Figure 5.- Stat ic  longitudinal stabil i ty  characterist ics of the Douglas 
D-558-11 research airplane, equipped with wing chord-extensions, in 
turning flight. 



34 

.2 

NACA RM B4m6 

.6 .8 12 

( a 1 Concluded. 

Figure 5.- Continued. 
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hp = 21, 
. .  

600 feet; it = 1.6O; center of gravity a t  22 
mean aerodynamic chord. 
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:.8 percent 

Figure 5.- Continued. 
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Figure 5.- Continued. 
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(c, hp = 22,800 feet; it = 1.6'; center of gravity at  22 
mean aerodynamic chord. 

Figure 5.- Continued. 
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Figure 5.- Continued. 
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(dl % fi: 24,100 feet; it = 1.3'; center  of gravity at 
mean aerodynamic chord. 

Figure 5 .- ContFnued. 

28.0 percent 



. .  . 

. .  

.6 .8 LO LZ 

(a) Conclad .  

Figure 5.- Continued. 
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?e = 21,500 feet;  it = l.To; center of gravity at 24 
mean aerodynamic chord. 

Figure 5.- Continued. 

.1 percent 
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(e Concluded. 

Figure 5.- Continued. 
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(f) 4 = 23,500 feet; it = 1.7'; center of gravity at 24.1 percent 
mean aerdynamic chord. 

Figure 5.- Continued. - 
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25,300 feet; it = 1.6~; center of gravity at  22.6 
mean aerodynamic chord. 

Figure 5.- Contkued. - 
percent 
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1 percent I 28,900 feet; It = 1.70; center of gravity  at  24. 
mean aerodynamic chord. 

- Figure 5.- Continued. 
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Concluded. 

5.- Continued. 
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feet; it = 1 . ~ ~ ;  center of gravity 
mean aerodynamic chord. 

Figure 5.- Continued. 

at 24.7 percent 
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(i 1 Concluded. 

Figure 5.- Continued. 
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( j j  $ = 32,000 feet; center of gravity at 24.6 percent 
aerodynamic chord. 

Figure 5 .- Continued. 
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(k) hp = 34,000 feet;  center of gravity at 24.3 perc 
aerodynamic chord. 

Figure 5.- Continued. 

Lent me ! a n  



1 

(k) Concluded. 

Figure 5.- Concluded. 
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Airplane configuration 
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A4 
p&ure 7.- Comparison of the buffet boundary of the D-558.11 research 

airplane equipped with wing chord extensions with the unmodified 
configuration. 
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Figure 8.- Normal-force coefficient  for decey i n  longitudir@. s tab i l f ty  
as a function of Mach m e r  for the Douglas D-558-11 research 
airplane. 
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Figure 9.- Comparison of pitching-moment characteristics  calculated 
from f l ight   data  with those  obtained in the Langley high-speed 
7- by 10-foot w i n d  tunnel for the D-558-11 airplane equipped with 
w i n g  leading-edge chord extensions. 
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Figure 11.- Time h i s t o r y  of flight-maswed and calculated accelerated 
longitudinal maneuvers for the D-558-11 research airplane at M = 0.6. 
(Calculated data s t a r t  a t  9 seconds.) 
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Figure E.- Variation with Mach number of dEe/dC a r d  dF,/dn for 
NA 

the Douglas D-558-11 research airplane. 
" . . - .- 
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Figure 13.- Variatlon with Mach number of dCHA/da for the Douglas 
G558-n research airplane. 
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